Alfacalcidol (ALF) and eldecalcitol (ELD) are vitamin D analogues that can be combined with anti-resorption drugs, such as bisphosphonate (BP) for the treatment of osteoporosis (OP). There has been no report comparing the effects of those vitamin D analogs in combination with BPs. Twenty female patients with OP were enrolled, and all of them were treated with ALF and BPs. After switching from ALF to ELD, we examined the effectiveness of ALF and ELD. The averaged age was 69.4 years and the period of BP usage was between 1 to 13.4 years (mean period was 3.7 years). Serum corrected calcium, serum inorganic phosphorus, serum bone specific alkaline phosphatase (BAP), and serum tartrate-resistant acid phosphatase (TRACP)-5b were measured prior to ELD and at 6 months afterwards. Bone mineral density (BMD) of the lumbar spine (L-BMD), femoral neck, and total hip BMD were assessed one year before, prior to, and one year after ELD therapy commencement. Six months after switching from ALF to ELD, BAP and TRACP-5b values significantly decreased. After one year of ALF therapy, L-BMD, total hip BMD and femoral neck H-BMD values slightly increased. In contrast, a year following the change from ALF to ELD, L-BMD significantly increased and femoral neck BMD slightly increased, but total hip BMD did not. These results suggest that the treatment with ELD after ALF significantly suppressed bone turnover and increased L-BMD. Thus, the combined therapy with ELD is more effective for OP treatment than that with ALF.
Introduction
Vitamin D plays an important role in maintaining bone and calcium metabolism (Hegde et al. 2015) . Vitamin D deficiency causes not only low bone mineral density (BMD) via secondary hyperparathyroidism, but also impairment of bone mineralization (Watanabe and Okazaki 2013) .
At present, 25-hydroxyvitamin D 3 , 25(OH)D 3 , is widely adopted in osteoporotic treatments, and administration of 25(OH)D 3 is considered to be essential in clinical trials of osteoporosis (OP). Thus, evaluation of vitamin D status and its adequate provision are prerequisites for appropriate osteoporotic management and assessment.
1α (OH) vitamin D 3 , alfacalcidol (ALF), is a vitamin D analogue ( Fig. 1 ) that is frequently used for treatment of OP in Japan. ALF undergoes 25-hydroxylation in the liver, and 1,25(OH) 2 D 3 thus formed promotes the absorption of calcium and phosphate (Orimo and Schacht 2005) . Although ALF increases 1,25(OH) 2 D 3 level and decreases serum parathyroid hormone, it does not affect bone turnover markers (Shiraki et al. 1999) . Moreover, 1α,25(OH) 2 -2β-(3-hydroxypropyloxy)D 3 , eldecalcitol (ELD), has been used for treatment of OP as a newly developed analog of 1,25(OH) 2 D 3 ( Fig. 1) (Hatakeyama et al. 2007; Hagino et al. 2015) .
Bisphosphonate (BP) and selective estrogen receptor modulator (SERM) are representative anti-resorptive drugs (Miller et al. 2008; Itabashi et al. 2011 ) that are frequently combined with vitamin D analogues to treat osteoporotic patients. Combination therapy of oral BP and vitamin D analogues showed additive anti-osteoporotic effects as compared with BP monotherapy in postmenopausal women (Orimo et al. 2011; Sakai et al. 2015) . Alendronate and ALF combination therapy reduced fracture risk, but only during early treatment phases (Orimo et al. 2011) . Moreover, the increased efficacy of combined alendronate and ELD treatment has been established over regimens containing, native vitamin D, and calcium in Japanese patients with primary OP. However, the combined ELD only increased the BMD in femoral neck regions (Sakai et al. 2015) .
ELD has an inhibitory effect on bone resorption through the disruption of osteoclast formation. In a doubleblind randomized controlled trial of Japanese patients with OP, ELD was shown to increase BMD and decrease the incidence of vertebral fractures more effectively than ALF . These results suggest that in the combination therapy of anti-resorptive drugs with vitamin D analogue, ELD is expected to have better effects on bone metabolism and BMD than ALF.
Randomized controlled trials (RCTs) are considered to provide the highest level of evidence. N-of-1 studies also yield the superior analysis power when the subjects are the same, in which case statistical experts deem N-of-1 studies to be preferable (Cook et al. 1993; Gabler et al. 2011) . However, there have been no investigations, such as N = 1 studies, comparing the effects of ELD and ALF in the same patients with respect to combination therapy with antiresorptive drugs.
Since there has been no report comparing the effects of these two vitamin D analogs in combination with other anti-resorptive agents, we analyzed the changes in bone turnover markers and BMD caused by ELD treatment concurrently prescribed with anti-resorptive drugs following ALF combination therapy in Japanese primary OP patients in the present study.
Materials and Methods
Twenty female patients with OP were enrolled whose treatment was ALF in combination with BPs. The combined drug was changed from ALF to ELD, then we examined the effectiveness of ALF and ELD at our institutions between April 2012 and April 2013. Only female patients were enrolled to avoid gender bias. The demographic patient data are summarized in Table 1 . All of the vertebral fractures in this study were bone fragility fractures. All subjects were diagnosed as having primary OP in accordance with the revised criteria established by the Japanese Society of Bone and Mineral Research (Soen et al. 2013) .
Of the 20 patients receiving ALF (1.0 µg), 17 were concomitantly administered BP (10 with alendronate and 7 with risedronate) and 3 were being given SERMs (bazedoxifene). Prior treatment with ALF and anti-resorptive drugs before ELD switching ranged from 1 to 13.4 years (average 3.7 ± 3.8). Each patient received 0.75 µg ELD doses daily after breakfast.
Serum corrected calcium (Ca) (mg/dL) and inorganic phosphate (iP) (mg/dL) were measured for all subjects. Serum bone alkaline phosphatase (BAP) (µg/L) was evaluated as a marker of bone formation using a chemiluminescent enzyme immunoassay. Serum tartrateresistant acid phosphatase (TRACP)-5b (mU/dL) was assessed as a marker of bone resorption using the enzyme-linked immunosorbent assay. Serum intact parathyroid hormone (iPTH) (pg/mL) was measured by immunoradiometric assays. All serologic parameters were evaluated just prior to ELD administration and after 6 months of ELD treatment. Serum samples were collected between 8:30 a.m. and 10:00 a.m. after overnight fasting. Immunoassays were performed by SRL, Inc. (Tokyo, Japan).
BMD was measured using a dual-energy X-ray absorption fanbeam bone densitometer (Lunar Prodigy; GE Healthcare Bio-Sciences Corp., Pis cataway, NJ, USA) at the L2-4 levels of the posteroanterior spine (L-BMD) and left hip. BMD values were obtained one year before, just prior to, and one year after commencing ELD therapy.
For statistical analysis, comparisons of markers at each measuring point were performed using paired t-test. BMD change was assessed with paired t-test with Bonferroni correction. α Error was designated as 0.05. Statistical analyses were carried out using JPM 9 (SAS Institute Inc., USA). Values are shown as mean ± standard deviation and ranges where applicable.
This study was approved by the institutional ethics review board (Protocol No. 2014-22) at Shinshu University School of Medicine prior to its start and was conducted in accordance with the ethical tenets outlined in the 1964 Declaration of Helsinki for research involving human subjects. Written informed consent was obtained from all patients.
Results
Before ALF regime conversion to ELD, enhanced bone metabolism was not evident with anti-resorptive drug therapy: mean TRACP-5b was 350.6 ± 161.0 mU/dL, BAP was 12.8 ± 7.4 µg/L, iPTH was 41.9 ± 18.3 pg/mL, corrected Ca was 9.47 ± 0.4 mg/dL, and iP was 3.42 ± 0.47 mg/dL, all of which were within normal ranges (Table 2) .
Six months after switching from ALF to ELD, mean values for iPTH and iP were modestly decreased, and there was no change of Ca values. However, mean BAP was significantly decreased by 20.3% from 12.8 ± 7.4 to 10.2 ± 3.3 (P = 0.049). TRACP-5b values were also significantly decreased from 350.6 ± 161.0 to 293.1 ± 133.7 (16.4%, P = 0.005). These findings demonstrated that ELD combined with BP or SERM after ALF treatment resulted in marked decreases in bone turnover.
After a year of treatment with ALF combination therapy, L-BMD was marginally increased from 0.796 ± 0.080 to 0.801 ± 0.084 (P = 0.481), as were those of the femoral neck (0.619 ± 0.127 to 0.638 ± 0.103, P = 0.288) and total hip (0.663 ± 0.100 to 0.668 ± 0.103, P = 0.105), which corresponded to BMD gains of 0.63%, 0.3%, and 0.8%, respectively (Table 3) . Thus, hip and lumbar BMD were not remarkably affected by ALF combined with of BP or SERM in the year prior to the switching.
Twelve months after the conversion to bone resorption inhibitors plus ELD therapy, total hip BMD values were largely unchanged (P = 0.959) ( Table 4) . Femoral neck BMD values were increased (0.638 ± 0.103 to 0.648 ± 0.107; 1.7%), albeit not significantly (P = 0.132). Most notably, L-BMD was significantly increased from 0.801 ± 0.084 to 0.819 ± 0.086, a gain of 2.2% (P = 0.0097).
Discussion
The results of the current study demonstrated that 1) bone metabolism was already being modulated ahead of ELD treatment by long-term administration of anti-resorptive drugs, such as BP, and ALF, 2) bone formation (BAP) and bone resorption (TRACP-5b) markers were significantly reduced by ELD treatment with concurrently administered BP or SERM, and 3) ELD in place of ALF therapy did not markedly affect hip BMD but significantly increased L-BMD.
ELD is an analogue of 1,25-dihydroxyvitamin D 3 that has been shown to improve BMD. ELD is more efficacious than ALF in preventing vertebral and wrist fractures in osteoporotic patients with vitamin D insufficiency, but with Values are shown as mean ± standard deviation. Asterisks indicate significant difference. a safety profile similar to that of ALF. Specifically, ELD therapy reduced the frequency of wrist fracture by approximately 71% over a 144-week treatment period versus an ALF group , and ELD did not affect serum 25(OH)D 3 levels, reduced the incidence of osteoporotic fracture, and increased BMD as compared with ALF, regardless of serum 25(OH)D 3 concentrations of 20 ng/mL or more (Matsumoto and Kubodera 2007) . Sakai et al. (2015) recently reported values of bone turnover markers being significantly lower in alendronate plus ELD group than in a group maintained with BP and native vitamin D. However, the difference between the groups was not significant. They also uncovered that serum BAP and TRACP-5b were significantly reduced, albeit by a modest 20% (Sakai et al. 2015) . As reported in a phase III study, ELD exerts inhibitory effects on bone metabolism . Together with the fact that ALF does not affect bone turnover markers (Shiraki et al. 1999) . Our findings indicate the additive effects of BP-and ELDmediated inhibition of bone turnover.
An earlier longitudinal analysis of hip geometry by clinical computed tomography revealed a potential role of ELD in increasing cortical cross-sectional area, BMD, and bone mass . The authors also suggest that by improving the biomechanical properties of the proximal femur, ELD may reduce the risk of hip fractures .
Even after a regimen change to ELD, total hip BMD values in the present study did not increase, while femoral neck BMD rose by 1.7%. Sakai et al. (2015) reported that femoral neck BMD values only were increased in a BP and ELD group in comparison with a BP and vitamin D group. In our investigation, total hip BMD did not increase with ELD but L-BMD values were significantly augmented. The reason for this discrepancy requires further study.
RCTs are considered to provide a high level of evidence since there are no perfectly matched groups in research studies due to variations in environmental and genetic factors. However, as N-of-1 studies evaluate identical subjects, they require fewer participants and can be regarded as a kind of RCT since the intervention for each subject is open-labeled and randomized (Cook et al. 1993; Gabler et al. 2011) . N-of-1 studies necessitate certain of wash-out period to return to baseline levels between interventions (Cook et al. 1993; Gabler et al. 2011) . Thus, our current study is not considered as an N-of-1 study; namely, there might have been synergistic effects between ALF and ELD. However, for reasons that 1) the half-life of ALF is very short at 17.6 hours (Tohira et al. 1979) and 2) BMD values in the total hip did not increase by ELD treatment but were raised slightly by ALF therapy, which suggested the absence of additive ALF effects.
Lastly, the order of drug administration was not randomized in this trial. The effectiveness of BP on BMD diminishes over long treatment periods (Bone et al. 2004 ). Itabashi et al. (2011) recently described that SERM significantly increased BMD for up to 104 weeks after treatment, although increasing ratio plateaued or worsened slightly after a few years of treatment. Thus, the effects on BMD of BP and SERM presumably decreased over time, which may have favored the assessment of the firstly administered ALF.
In this study, one of the limitations is that there was a broad range of the anti-resorptive drug treatment period. Although the shorter BP pre-treatment made the effectiveness of ELD after ALF treatment disadvantage, the ELD treatment significantly increased BMD values in this study. Thus, we believe that the variety of the administered period has not affected our results. However, significant gains in lumbar BMD were seen for ELD, which confirmed that the drug exerted additional effects on BMD than did ALF.
In conclusion, ELD after switching from ALF significantly inhibited bone turnover and increased lumbar BMD in patients with primary OP. In the combined therapy of BP or SERM with a vitamin D analogue, ELD would be more effective than ALF with respect to the lumbar BMD increase. Larger randomized trials of ELD combination treatment are warranted.
